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(54) TEMPERATURE COMPENSATION PIEZOELECTRIC OSCILLATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a temperature 
compensation piezoelectric oscillator by which an 
unconventionally large variable range can be obtained 
and high temperature stability can be obtained by an 

oscillator having two or more load capacity variable „ 

functions by controlling a vibrator current. , ^ ^ 

SOLUTION: This temperature compensation system is 
constituted by providing a quartz resonator 1 1 having a 
piezoelectric element excited by prescribed frequency, 
an oscillation circuit 12 having an amplifier for oscillation 
which is not illustrated, which excites the piezoelectric 
element by supplying a current to the piezoelectric 
element, a vibrator current control circuit 1 3 which 
controls the current of the quartz resonator 1 1 , a 
compensation voltage generation circuit 1 5 which 
compensates temperature characteristics of the 
piezoelectric vibrator 1 1 and a variable capacity diode 1 7 
for external variable which varies oscillation frequency of 
the oscillation circuit 12 from the external variable 16. In 

addition, the vibrator current control circuit 13 is constituted of a variable capacity diode 14 for 
vibrator current control and capacitors 1 to 3. 
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* NOTICES * 
JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It has the oscillator circuit which has the amplifier for an oscillation which a 
current is passed [ amplifier ] to the piezoelectric transducer equipped with the 
piezoelectric device excited on a predetermined frequency, and said piezoelectric 
device, and makes them excite said piezoelectric device, the vibrator current 
control section which controls the current of said piezoelectric transducer, the 
temperature-compensation circuit which compensates the temperature 
characteristic of said piezoelectric transducer, and the variable capacitance diode 
which carries out adjustable [ of the load-carrying capacity of said oscillator 
circuit ] with foreign voltage, and carries out adjustable [ of the oscillation 
frequency ], 

Said temperature-compensation circuit is a temperature compensation piezo 
oscillator characterized by carrying out adjustable [ of the oscillation frequency of 
said oscillator circuit ] by controlling said vibrator current, carrying out adjustable 
[ of the oscillation frequency of said oscillator circuit ], compensating the 
temperature characteristic of said piezoelectric transducer and carrying out 
adjustable [ of the applied voltage of said variable capacitance diode ] with said 
foreign voltage by generating the function electrical potential difference which 
compensates the temperature characteristic of said piezoelectric transducer, and 



inputting this function electrical potential difference into said vibrator current 
control section. 
[Claim 2] 

It has the oscillator circuit which has the amplifier for an oscillation which a 
current is passed [ amplifier ] to the piezoelectric transducer equipped with the 
piezoelectric device excited on a predetermined frequency, and said piezoelectric 
device, and makes them excite said piezoelectric device, the vibrator current 
control section which controls the current of said piezoelectric transducer, the 
temperature-compensation circuit which compensates the temperature 
characteristic of said piezoelectric transducer, and the variable capacitance diode 
which carries out adjustable [ of the load-carrying capacity of said oscillator 
circuit ] with foreign voltage, and carries out adjustable [ of the oscillation 
frequency ], 

Said temperature-compensation circuit is a temperature compensation piezo 
oscillator characterized by carrying out adjustable [ of the oscillation frequency of 
said oscillator circuit ] by carrying out adjustable [ of the oscillation frequency of 
said oscillator circuit ], compensating the temperature characteristic of said 
piezoelectric transducer and carrying out adjustable [ of the electrical potential 
difference inputted into said vibrator current control section with said foreign 
voltage ] by generating the function electrical potential difference which 
compensates the temperature characteristic of said piezoelectric transducer, 
impressing this function electrical potential difference to said variable 
capacitance diode, and carrying out adjustable [ of the load-carrying capacity of 
said oscillator circuit]. 
[Claim 3] 

The temperature compensation piezo oscillator according to claim 1 or 2 
characterized by inserting further the reactive element which carries out 
adjustable [ of the oscillation frequency of said oscillator circuit ] by carrying out 
adjustable [ of the load-carrying capacity ] to the load of said oscillator circuit. 
[Claim 4] 



The temperature compensation piezo oscillator according to claim 1 or 2 
characterized by making the oscillation frequency of said oscillator circuit 
controllable by inserting further in the load of said oscillator circuit the variable 
reactive element which carries out adjustable [ of the oscillation frequency of said 
oscillator circuit ] by carrying out adjustable [ of the load-carrying capacity ], and 
carrying out adjustable [ of the capacity of said variable reactive element ] to it 
from the oscillator exterior concerned. 
[Claim 5] 

It has further the variable capacitance diode for amendment which amends 
compensation distortion generated by carrying out adjustable [ of the load- 
carrying capacity ], 

Said variable capacitance diode for amendment is a temperature compensation 
piezo oscillator according to claim 1 characterized by supposing that it works so 
that compensation distortion generated by carrying out adjustable [ of the load- 
carrying capacity of said vibrator current control section ] with the function 
electrical potential difference generated by said temperature-compensation 
circuit may be amended. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the temperature-compensation approach of the piezo 
oscillator used as reference frequency of the land mobile communication link field 
and the satellite communication field in more detail about a temperature 
compensation piezo oscillator. 
[0002] 

[Description of the Prior Art] 

In recent years, expansion of the use range of the land-mobile band 
communication link represented by the cellular phone is being enhanced. In 
connection with it, the spread of cellular phones is also frightful, ED competition 
is intensifying, and a miniaturization and low-cost-izing, and also high 
performance-ization are demanded also for the crystal oscillator used for a 
cellular phone. As a quartz resonator is shown in drawing 2323 , the 3rd 
oscillation frequency changes rounded to change of ambient temperature. For 
this reason, although the temperature-compensation circuit for offsetting the 
temperature characteristic of vibrator is established in the oscillator circuit and 
there are a direct temperature-compensation method and an indirect 
temperature-compensation method as temperature-compensation method in 
order to obtain high stability, it is common to carry out adjustable [ of the load- 
carrying capacity of an oscillator circuit ] also in which method, and to perform 
temperature compensation. Moreover, since a current oscillator uses it for a PLL 
circuit (phase lock loop) etc., connecting, addition of the function (Vcont) which 
impresses an electrical potential difference and carries out adjustable [ of the 
frequency ] is more indispensable than the exterior. That is, two or more 
adjustable functions for carrying out adjustable [ of the load-carrying capacity ], 
and changing a frequency will be prepared in an oscillator circuit. These 
functions will cause interference in the adjustable range inevitably. For example, 



since the ratio of the addition capacity of the temperature-compensation circuit to 
the whole addition capacity will replace if it performs the external adjustable one 
of 20 ppm there when you need 100 ppm by change of addition capacity as an 
amount of temperature compensation, the frequency variation to change of 
addition capacity may change, it may become the amount of temperature 
compensation which is 99 ppm, and 1 ppm of temperature characteristics are 
made to get worse. 
[0003] 

The block diagram of the conventional temperature-compensated crystal 
oscillator with an external adjustable function is shown in drawing 24 . 
The temperature-compensation electrical-potential-difference generating section 
116 generates a compensation function electrical potential difference, and 
impresses it to variable capacitance diode 114. The load-carrying capacity of an 
oscillator circuit changes based on capacity change of this diode, and since it is 
controlled so that the temperature characteristic of the oscillation frequency of a 
quartz resonator 111 becomes a flat by this, the frequency temperature 
characteristic of an oscillator is made into the outstanding thing, in this case, the 
external adjustable (Vcont) one - it carries out adjustable [ of the frequency ] by 
inputting an electrical potential difference and impressing from 1 17, to variable 
capacitance diode 1 15. An oscillation frequency not only changes with this, but it 
affects the amount of temperature compensation. 
It is shown below that there is relation strong against the capacity factor 
(gamma=C 0 / C1) of vibrator to the amount of temperature compensation and an 
external good variate. 
1 . Basic Theory 

The offset frequency deviation from the series resonating frequency at the time of 
the oscillation of a crystal oscillator is shown in a formula (1). 



1 l t 



(1) 




The oscillation frequency equivalence block diagram which a formula (1) shows 
to drawing 25 is shown. 

It is drawing 26 which divided CL into Cx and three serial dosages of Cy and Cc 
as shown in a formula (2). 




For example, temperature-compensation capacity and Cy can be made into 
frequency regulation or external variable capacity, and Cc can make Cx 
oscillator-circuit capacity. Here, if C 0= 0 (Open), it will become convertible [ (3) 
types ]. 




(3) 



That is, since the shift amount from a series resonating frequency is added to the 
capacity of Cx, Cy, and each Cc, respectively, frequency deviation does not 
receive interference of oppression etc. to each capacity change. 



However, since piezoelectric devices, such as a quartz resonator, need the 
electrode for urging vibration, interelectrode capacity:CO cannot surely be 
excluded. 

(1) Obtain (4) types from a formula and (2). 
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[0004] 

It carries out to c= 25, y= 20, and 30 and 80 at drawing 27 , and adjustable and 
the simulation Fig. of F (x y, c) are shown for x. Moreover, the enlarged drawing 
of this drawing is shown in drawing 28 . This drawing shows that sensibility is 
large and the variation of normalized frequency deflection is large in the field 
where x is small. 

Drawing 29 is drawing showing the frequency deviation DL (x y, c) and Sx at the 
time of carrying out to gamma= 200, i.e., maximization **** 1/2gamma=2500ppm 
Drawing 30 is drawing showing the frequency deviation on the basis of DL at the 
time of being referred to as x= 10. Drawing 31 is drawing showing the difference 



of DL [ as opposed to / as opposed to / in the gap from DL curve at the time of 
being referred to as x= 10 by y= 30, y= 30 / i.e., /, / x= 10 / the value of x of each 
curve of x= 10 at y= 80 ]. That is, this is the gap from the criteria curve to the 
value of x, namely, serves as the amount of interference. It is shown that the 
deflection of each curve becomes large, so that from this drawing and the value 
of x is small. 

The axis of ordinate of drawing 32 shows the deflection of the gap from the 
criteria curve of drawing 31 , and an axis of abscissa shows the frequency 
deviation at the time of being referred to as y= 30 on the basis of x= 10 of 
drawing 30 , i.e., the value of DL. When the -100 ppm frequency which will be 
distorted about about 1 ppm if in the case of drawing 32 a -40 ppm frequency is 
lowered [ x (variable capacity 1) ] and a 30 ppm frequency is raised in y (variable 
capacity 2) is lowered, about 2.8 ppm will be distorted. 

It turns out that this is the matter which should be taken into consideration about 
the oscillator containing adjustable [ two ], i.e., the temperature-compensation 
functional addition to OCXO (Takayasu a law oscillator), the temperature- 
compensation functional addition to VCXO (voltage controlled oscillator), the 
Voltage Cont (armature-voltage control function) addition to TCXO (temperature- 
compensation oscillator), etc. 
[0005] 

[Problem(s) to be Solved by the Invention] 

In order to carry out adjustable [ of the load-carrying capacity, such as an 
external control function of a frequency, and a temperature-compensation 
function, ] like said drawing 24 , there is a big technical problem that adjustable 
[ mutual ] gives distortion to a good variate or the amount of compensation in an 
oscillator equipped with two or more load-carrying capacity adjustable functions. 
Moreover, the oscillation frequency of a quartz resonator can carry out adjustable 
greatly with load-carrying capacity, ambient temperature, and three elements of a 
vibrator current. In this, adjustable [ of the frequency by the load-carrying 
capacity adjustable / most ] is used. Moreover, in the Takayasu constant 



oscillator, high stability has been obtained by making temperature of vibrator and 
a circumference circuit regularity. However, most examples of carrying out 
adjustable using a vibrator current cannot be found, and the circuit which 
oppresses a vibrator current with some high stability oscillators for a secular- 
change improvement is prepared. 

So, it is going to compensate the frequency temperature characteristic of a 
quartz resonator with this invention by controlling a vibrator current using the 
frequency control by the vibrator current hardly affecting the good variate of load- 
carrying capacity. 

In the oscillator equipped with two or more load-carrying capacity adjustable 
functions by controlling a vibrator current in view of this technical problem, this 
invention aims at offering the temperature compensation piezo oscillator which 
can acquire high temperature stability while it can obtain the big adjustable range 
which is not in the former. 
[0006] 

[Means for Solving the Problem] 

In order that this invention may solve this technical problem, claim 1 The 
oscillator circuit which has the amplifier for an oscillation which a current is 
passed [ amplifier ] to the piezoelectric transducer equipped with the piezoelectric 
device excited on a predetermined frequency, and said piezoelectric device, and 
makes them excite said piezoelectric device, The vibrator current control section 
which controls the current of said piezoelectric transducer, and the temperature- 
compensation circuit which compensates the temperature characteristic of said 
piezoelectric transducer, It has the variable capacitance diode which carries out 
adjustable [ of the load-carrying capacity of said oscillator circuit ] with foreign 
voltage, and carries out adjustable [ of the oscillation frequency ]. Said 
temperature-compensation circuit By generating the function electrical potential 
difference which compensates the temperature characteristic of said 
piezoelectric transducer, and inputting this function electrical potential difference 
into said vibrator current control section It is characterized by carrying out 



adjustable [ of the oscillation frequency of said oscillator circuit ] by controlling 
said vibrator current, carrying out adjustable [ of the oscillation frequency of said 
oscillator circuit ], compensating the temperature characteristic of said 
piezoelectric transducer and carrying out adjustable [ of the applied voltage of 
said variable capacitance diode ] with said foreign voltage. 
In order to use the conventional oscillator for a PLL circuit (phase lock loop) etc., 
connecting, two or more adjustable functions for carrying out adjustable [ of the 
load-carrying capacity ], and changing a frequency will be prepared in an 
oscillator circuit. These functions will cause interference in the adjustable range 
inevitably. Then, by generating a function electrical potential difference by the 
temperature-compensation circuit, and controlling a vibrator current by this 
invention, the temperature characteristic of a piezoelectric transducer is 
compensated by making the oscillation frequency of an oscillator circuit 
adjustable, and adjustable [ of a frequency ] uses the variable capacitance diode 
with which capacity serves as adjustable by impressing foreign voltage in the 
load-carrying capacity of an oscillator. 

Since the temperature characteristic is compensated by controlling a vibrator 
current according to this invention, while being able to obtain the big adjustable 
range in an oscillator equipped with two or more load-carrying capacity 
adjustable functions, high temperature stability can be acquired without giving 
interference to the mutual adjustable range. 

The oscillator circuit which has the amplifier for an oscillation which claim 2 
passes [ amplifier ] a current to the piezoelectric transducer equipped with the 
piezoelectric device excited on a predetermined frequency, and said piezoelectric 
device, and excites said piezoelectric device, The vibrator current control section 
which controls the current of said piezoelectric transducer, and the temperature- 
compensation circuit which compensates the temperature characteristic of said 
piezoelectric transducer, It has the variable capacitance diode which carries out 
adjustable [ of the load-carrying capacity of said oscillator circuit ] with foreign 
voltage, and carries out adjustable [ of the oscillation frequency ]. Said 



temperature-compensation circuit By generating the function electrical potential 
difference which compensates the temperature characteristic of said 
piezoelectric transducer, impressing this function electrical potential difference to 
said variable capacitance diode, and carrying out adjustable [ of the load-carrying 
capacity of said oscillator circuit ] It is characterized by carrying out adjustable 
[ of the oscillation frequency of said oscillator circuit ] by carrying out adjustable 
[ of the oscillation frequency of said oscillator circuit ], compensating the 
temperature characteristic of said piezoelectric transducer and carrying out 
adjustable [ of the electrical potential difference inputted into said vibrator current 
control section with said foreign voltage ]. 

Although the temperature-compensation circuit which compensates the 
temperature characteristic is connected to a vibrator current control section and 
temperature compensation is performed in claim 1, in this invention, by 
impressing the function electrical potential difference generated in the 
temperature-compensation circuit to variable capacitance diode, adjustable [ of 
the oscillation frequency ] is carried out and temperature compensation is 
performed. Moreover, it performs adjustable [ of a frequency ] by impressing 
foreign voltage to a vibrator current control section. 

According to this invention, the same operation effectiveness as claim 1 is done 
so. 

[0007] 

Claim 3 is characterized by inserting further the reactive element which carries 
out adjustable [ of the oscillation frequency of said oscillator circuit ] by carrying 
out adjustable [ of the load-carrying capacity ] to the load of said oscillator circuit. 
By carrying out adjustable [ of the load-carrying capacity of an oscillator circuit ], 
the inclination of the frequency deviation when impressing a temperature- 
compensation electrical potential difference changes. In other words, an 
oscillation frequency is changeable by carrying out adjustable [ of the load- 
carrying capacity ]. 

Since the reactive element which carries out adjustable [ of the oscillation 



frequency ] was inserted further according to this invention, an oscillation 
frequency can be changed by easy circuitry. 

Claim 4 is characterized by making the oscillation frequency of said oscillator 
circuit controllable by inserting further in the load of said oscillator circuit the 
variable reactive element which carries out adjustable [ of the oscillation 
frequency of said oscillator circuit ] by carrying out adjustable [ of the load- 
carrying capacity ], and carrying out adjustable [ of the capacity of said variable 
reactive element ] to it from the oscillator exterior concerned. 
If the capacity can carry out adjustable [ of the reactive element ] to arbitration 
like adjustable Tolima, adjustable [ of the Tolima ] is carried out from the exterior, 
and an oscillation frequency can be controlled. 

Since the variable reactive element which can carry out adjustable [ of the 
reactive element ] to arbitration like adjustable Tolima is used according to this 
invention, an oscillation frequency is easily controllable from the outside. 
Claim 5 is further equipped with the variable capacitance diode for amendment 
which amends compensation distortion generated by carrying out adjustable [ of 
the load-carrying capacity ], and said variable capacitance diode for amendment 
is characterized by supposing that it works so that compensation distortion 
generated by carrying out adjustable [ of the load-carrying capacity of said 
vibrator current control section ] with the function electrical potential difference 
generated by said temperature-compensation circuit may be amended. 
According to this invention, since a vibrator current control section is equipped 
with the variable capacitance diode for amendment, compensation distortion 
generated by carrying out adjustable [ of the load-carrying capacity ] can be 
amended, and the frequency deviation to applied voltage can be reduced further. 
[0008] 

[Embodiment of the Invention] 

Hereafter, this invention is explained to a detail using the operation gestalt shown 
in drawing. However, the component indicated by this operation gestalt, a class, 
combination, a configuration, its relative configuration, etc. are not the main point 



that limits the range of this invention only to it but only the mere examples of 
explanation, as long as there is no specific publication. 
Generally, since the relation of a quartz resonator between the stress and 
distortion of Xtal is nonlinear, it is confirmed that resonance frequency changes 
with the vibrator currents as follows. 

Mr-K? 

i'.mmi-nM 



as the approach of controlling the vibrator current at the time of this oscillation - 
some Takayasu - a law - although inserted with the crystal oscillator (OCXO) for 
a secular-change improvement of an AGC circuit, it is complicated in circuit and 
is not practical. 

Here, temperature-compensation simulation is performed using a vibrator current 
being controllable by using the circuit indicated by 2002 to application-for-patent 
265000 official report by the same applicant. 
[0009] 

Drawing 1 is the block diagram of the temperature compensation method of this 
invention. The oscillator circuit 12 which has the amplifier for an oscillation which 
this temperature-compensation method passes [ amplifier ] a current to the 
quartz resonator 1 1 equipped with the piezoelectric device excited on a 
predetermined frequency, and a piezoelectric device, and excites a piezoelectric 
device, and which is not illustrated, It has the vibrator current control circuit 13 
which controls the current of a quartz resonator 1 1 , the temperature- 
compensation electrical-potential-difference generating circuit 15 which 
compensates the temperature characteristic of said piezoelectric transducer 11, 
and the variable capacitance diode 17 for external adjustable by which adjustable 
is carried out on the external adjustable electrical potential difference 16 in the 
oscillation frequency of an oscillator circuit 12, and is constituted. In addition, the 



trembler current control circuit 13 is constituted by the variable capacitance diode 
14 for trembler current control, and capacitors 1-3. 

Outline actuation of this block diagram generates the function electrical potential 
difference which the temperature-compensation electrical-potential-difference 
generating circuit 15 compensates for the temperature characteristic of a quartz 
resonator 11, and this vibrator current control circuit 13 compensates the 
temperature characteristic of a quartz resonator 1 1 by controlling the vibrator 
current of a quartz resonator 1 1 and making the oscillation frequency of an 
oscillator circuit 12 adjustable by impressing this function electrical potential 
difference to the vibrator current control circuit 13. 

Drawing 2 is drawing showing the example of an operation circuit. Since the 
same reference number is given to the same component, the overlapping 
explanation is omitted. Here, each constant was set up as follows. 
R1=390ohm, R2=1kohm, R3/R4=10kohm, R5=20kohm, R6/R7=100kohm, the 
C0= adjustable, 2= 27pF of C1/C, 3= 100pF of C, 4= 10pF of C, 6= 10000pF of 
C5/C, 7= OpF of C, 9= 0.1 micro F of C8/C, TR1/TR2=2SC3732, D1=MA2S304, 
Xtal=26 MHz-At-Cut1st, VCC=5Vdc, VD= DC power supply, a V.V= high 
frequency voltmeter, a Freq.C.= electronic counter 

An oscillator circuit is the Colpitts oscillator circuit of cascode connection, and 
supplies an oscillation output to the vibrator current control circuit 13 which made 
insertion connection between the collector of a transistor TR1 , and the emitter of 
a transistor TR2. Moreover, the temperature-compensation electrical-potential- 
difference generating circuit 15 is connected to the vibrator current control circuit 
13 through resistance R6 and R7, and a function electrical potential difference is 
supplied. 
[0010] 

Drawing 3 is the circuit diagram of the temperature-compensation electrical- 
potential-difference generating circuit 15 of this invention, and the circuit diagram 
of the vibrator current control circuit 13. Since the same reference number is 
given to the same component, the overlapping explanation is omitted. Moreover, 



the constant at the time of the simulation of the temperature-compensation 
electrical-potential-difference generating circuit 15 is shown below. 
R1, 3 and 4=10kohm, R2=6.5ohm, R5= adjustable setting, D1=1S953, 
IC1=TC75S51FU 

R10=10kohm, R11=30kohm, IC2= TC75S51FU 

R12=10kohm, R13=140kohm, IC3= TC75S51FU 

R14=10kohm, R15=140kohm, IC4= TC75S51FU 

R6=9.6kohm, R7=11.1kohm, R8=11.3kohm, R9=8kohm, 

R16, 17, 18, 21 and 22=100kohm, R19 and 20=200kohm, D2=MA2S304, C 3-4, 

5= 0.1 micro F 

Xtal=13MHz, gamma= 240, 0= 1.35pF of C, Cp=40pF, Cs=35pF 

Vcc=3.0V, 

[0011] 

Drawing 4 carries out adjustable [ of the applied voltage to variable capacitance 
diode D1 ] by being referred to as 0= 20pF of C, and carrying out adjustable [ of 
the electrical potential difference of VD ]. An axis of ordinate shows the deflection 
on the basis of the frequency when being referred to as VD=1 V, and an axis of 
abscissa shows the applied voltage to VD and variable capacitance diode D1. 
A result when drawing 5 sets to 0= 12pF of C and drawing 6 sets to 0= 43pF of C 
is shown similarly. It turns out that the oscillation frequency and the vibrator 
current are also carrying out same change from each drawing to the applied 
voltage of D1 . 

A vibrator current is searched for by (7) formulas. 
I (Xtal Current) =<yCV .(7) 

V:C 3 tf>M&te : W #f4rms 

C : C 3 <D®M :100pF 

to«2*f f-26MHz 



Drawing 7 shows change of the vibrator current which makes a parameter each 



CO to change of VD. This drawing shows that change of a vibrator current is 
hardly based on the value of CO. 

Drawing 8 shows the frequency deviation which makes a parameter each CO to 
change of VD. It turns out that variation changes with values of CO clearly from 
this drawing although it is small. 

Drawing 9 is drawing in which showing the applied-voltage pair capacity change 
property of variable-capacitance-diode D1:MA2S304, and showing observation 
data and its approximation function. This drawing shows that it is well in 
agreement in an approximation function. 

Drawing 10 is drawing showing the vibrator current over capacity change of 
variable capacitance diode D1. This drawing shows hardly being influenced by 
change of capacity CO. 

Drawing 1 1 shows the frequency deviation to capacity change of variable 
capacitance diode D1. However, it is based on VD=1Vdc and valve flow 
coefficient=26pF. Moreover, the approximation function which made each CO the 
parameter is shown. 

drawing 12 capacity: -- it is drawing showing the oscillation frequency change 
at the time of carrying out adjustable ! of CO ]. However, it is based on 0= 20pF of 
C. Moreover, D1 capacity is made into VD=1 Vdc, i.e., valve flow coefficient=26pF. 
If it carries out adjustable from this result to 0= 43pF of C0=12 pF-C, about 280 
ppm change will be obtained as frequency deviation. 
[0012] 

Drawing 13 is drawing showing the simulation result in this circuit constant. Each 
notation of drawing shows electrical-potential-difference change of each notation 
of drawing 3 . 

[a] shows monotone reduction to a temperature change with the output of an 
operational amplifier IC 1. 

[b] shows the increment in monotone to about 50 degrees C from about 0 degree 
C which compensates change near the point of inflection of vibrator with the 
output of an operational amplifier IC 2. 



[c] shows the increment in monotone from about -30 degrees C to about -10 
degrees C which compensates a side with the output of an operational amplifier 
IC 3 whenever [ low-temperature / of vibrator ]. 

[d] shows the increment in monotone from about 65 degrees C to about 90 
degrees C which compensates the high temperature side of vibrator with the 
output of an operational amplifier IC 4. 

Electrical-potential-difference change of each part of the temperature- 
compensation electrical-potential-difference generating circuit 15 of drawing 3 is 
shown as well as drawing 14 . [e] shows electrical-potential-difference change 
which compounded [b] and Vcc. [f] shows electrical-potential-difference change 
which compounded [c] and [d]. [VD] shows the electrical-potential-difference 
change between the cathode anodes of variable capacitance diode. 
[0013] 

Drawing 15 is the result of carrying out simulation of the temperature 
compensation according to the oscillation frequency deviation by change of 
variable-capacitance-diode:D1 for vibrator current control based on drawing 11 . 
That is, the compensation electrical potential difference from the temperature- 
compensation electrical-potential-difference generating circuit 15 is received by 
variable-capacitance-diode:D1 for vibrator current control, and it considers as 
capacity change of the vibrator current control circuit 13. The juxtaposition 
capacity C7 and C8 which compensates the temperature characteristic of 
vibrator appropriately, and C9 are set up from the relational expression of the 
capacity change pair frequency deviation which makes CO a parameter from 
drawing 11 . In this simulation, temperature-compensation simulation is 
performed by setting it as 0= 20pF of 1 .C at a setup, 7= 5pF of C, and 9= 66pF of 
C8/C. Consequently, the temperature-compensation property of **2 ppm or less 
is acquired at -30 degrees C - +85 degrees C. 

2. With the above-mentioned setup, change 0= 12pF as [ "namely, as it was set 
as 7= 5pF of C, and 9= 66pF of C8/C" / C and C / 0= 43pF ]. As a result, it falls 
by frequency the rise of about 0.8 ppm at 0= 12pF of C, and falls the frequency of 



about 0.8 ppm by about 55 degrees C at about 0 degree C. Moreover, it goes up 
by frequency the fall of about 1 ppm at 0= 43pF of C, and goes up the frequency 
of about 1 ppm in about 55 degrees C at about 0 degree C. 
Furthermore, it falls to a +150 ppm rise and 0= 43pF of C0=20 pF->C by -130 
ppm with the load-carrying capacity adjustable from 0 pair of C frequency 
deviation result of drawing 12 by the load-carrying capacity adjustable of 0= 12pF 
ofC0=20 pF->C. 

That is, it is the result of the ability not obtaining in the temperature compensation 
and the external adjustable one only by the conventional load-carrying capacity 
adjustable. 

Drawing 16 is the block diagram of other examples of the temperature 
compensation method of this invention. Since the same reference number is 
given to the same component, the overlapping explanation is omitted. The point 
that drawing 16 differs from drawing 1 is a point that the locations of external 
adjustable 16 differ as the temperature-compensation electrical-potential- 
difference generating circuit 15. namely, the external adjustable one - the 
vibrator current control circuit 13 is controlled by 16, adjustable [ of the variable 
capacitance diode 17 ] is carried out by the temperature-compensation electrical- 
potential-difference generating circuit 15, and temperature compensation is 
carried out. 

As mentioned above, this invention performs frequency change for compensating 
the temperature characteristic of a quartz resonator by controlling a vibrator 
current, and when adjustable [ of the frequency ] needs to be carried out by 
external control, it makes it load-carrying capacity adjustable as usual. 
Since each interference is lost by doing in this way, frequency change especially 
by the external adjustable one can be enlarged. Moreover, the temperature 
characteristic which was excellent since there was little interference to the 
amount of temperature compensation by the external adjustable one can also be 
acquired. It is predicted that this contributes to functional expansion of a future 
crystal oscillator or a piezo oscillator greatly. 



[0014] 

Drawing 17 is drawing showing the circuit which amends the difference 
(compensation distortion by the load-carrying capacity adjustable) of the 
frequency deviation by the applied voltage to the vibrator current control variable 
capacitance diode D1 by the value of load-carrying capacity as a result of being 
shown in drawing 8 . The controlled variable of the vibrator current control 
system by this invention is decided by the ratio of the capacity between collector 
emitters, and an emitter and the capacity between GND, and to the capacity 
between collector emitters, a controlled variable becomes large, so that an 
emitter and the capacity between GND are small. 

From this, the compensation distortion by the load-carrying capacity adjustable in 
accordance with controlling variable capacitance diode D2 can be amended by 
controlling a variable reactive element (variable capacitance diode D2) by 
adjustable [ of foreign voltage Vc ], inserting a variable reactive element (variable 
capacitance diode D3) between an emitter and GND, and carrying out adjustable 
[ of the capacity of this diode ] with foreign voltage Vc at the same time it carries 
out adjustable [ of the frequency ] by carrying out adjustable [ of the load-carrying 
capacity ]. In this case, making load-carrying capacity small and carrying out 
adjustable [ of the frequency ] highly and making capacity between an emitter 
and GND small, increasing the amount of compensation, and performing 
distortion amendment are making load-carrying capacity small further, and it is 
big effectiveness that amendment strain control can be performed in the same 
control as the frequency adjustable. 

Drawing 18 is the result of measuring by performing the following cure to the 
capacitor CO connected to a trembler at a serial. 

0= 20pF - emitter of C, and capacity between GND: It was referred to as an 
emitter and 2= 18pF of 0= 12pF [ of C ] - capacity:C between GND, and 2= 30pF 
of 0= 43pF [ of C ] - emitters and capacity.C between GND on the basis of 2= 
27pF of C, amendment distortion was performed, and the frequency deviation by 
the applied voltage to the vibrator current control variable capacitance diode D1 



was shown. 

the result of drawing 8 before amendment before amendment -- VD=2Vdc -- 
receiving amount of differences (amount of distortion) = - about 8 ppm - 
receiving - after amendment - VD=2Vdc - amount of differences (amount of 
distortion) = it is set to about 2 ppm and this serves as a distortion 
(dependency of capacity CO in D1 applied-voltage pair frequency deviation 
property) improvement. 

Drawing 19 is drawing showing the relation of the frequency deviation by the 
capacity change to the vibrator current control variable capacitance diode D1 at 
the time of performing distortion amendment. 

Drawing 20 is drawing showing the temperature characteristic simulation result at 
the time of performing amendment distortion. 

Drawing 21 is drawing showing the result before the temperature characteristic 
simulation of drawing 15 , i.e., distortion amendment. 

clear from the above result - as amount [ before amendment ] of distortion = - 
about 1.6 ppm amends - after [ distortion amendment ] = - about 0.4 ppm - 
about [ an improvement and ] - being set to one fourth is shown. 
[0015] 

[Effect of the Invention] 

Since the temperature characteristic is compensated by controlling a vibrator 
current according to invention of claim 1 like a publication, while being able to 
obtain the big adjustable range in an oscillator equipped with two or more load- 
carrying capacity adjustable functions above, high temperature stability can be 
acquired without giving interference to the mutual adjustable range. 
Moreover, in claim 2, the same operation effectiveness as claim 1 is done so. 
Moreover, at claim 3, since the reactive element which carries out adjustable [ of 
the oscillation frequency ] was inserted further, an oscillation frequency can be 
changed by easy circuitry. 

Moreover, since the variable reactive element which can carry out adjustable [ of 
the reactive element ] to arbitration like adjustable Tolima is used, an oscillation 



frequency is easily controllable by claim 4 from the outside. 

Moreover, in claim 5, since a vibrator current control section is equipped with the 

variable capacitance diode for amendment, compensation distortion generated 

by carrying out adjustable [ of the load-carrying capacity ] can be amended, and 

the frequency deviation to applied voltage can be reduced further. 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the temperature compensation method of 
this invention. 

[Drawing 2] It is drawing of the circuit example of the temperature-compensation 
method of this invention. 

[Drawing 3] It is drawing of the example of an operation circuit of the 
temperature-compensation method of this invention (compensation electrical- 
potential-difference generating circuit). 

[Drawing 4] It is drawing showing the example -1 of an operation circuit of this 

invention, and a D1 applied-voltage pair frequency deviation & vibrator current. 

[Drawing 5] It is drawing showing the example -2 of an operation circuit of this 

invention, and a D1 applied-voltage pair frequency deviation & vibrator current. 

[Drawing 6] It is drawing showing the example -3 of an operation circuit of this 

invention, and a D1 applied-voltage pair frequency deviation & vibrator current. 

[Drawing 7] It is drawing showing the example -4 of an operation circuit of this 

invention, and D1 applied-voltage pair vibrator current. 

[Drawing 8] It is drawing showing the example -5 of an operation circuit of this 

invention, and D1 applied-voltage pair frequency deviation. 

[Drawing 9] It is drawing showing the measurement result and approximation 

function of variable-capacitance-diode D1:MA2S304 of this invention. 

[Drawing 10] It is drawing showing the example -6 of an operation circuit of this 

invention, and D1 variable-capacity pair vibrator current. 

[Drawing 1 1] It is drawing showing the example -7 of an operation circuit of this 

invention, and D1 variable-capacity pair frequency deviation. 

[Drawing 12] It is drawing showing the example -8 of an operation circuit of this 



invention, and CO variable-capacity pair frequency deviation. 
[Drawing 13] It is drawing showing the example -9 of an operation circuit of this 
invention, and the temperature-compensation electrical-potential-difference 
generating circuit simulation result -1 . 

[Drawing 14] It is drawing showing the example -10 of an operation circuit of this 
invention, and the temperature-compensation electrical-potential-difference 
generating circuit simulation result -2. 

[Drawing 15] It is drawing showing the temperature characteristic of example of 
operation circuit -1 1 vibrator of this invention, temperature-compensation 
frequency deviation, and the simulation result of compensation. 
[Drawing 16] It is the block diagram of an example besides the temperature 
compensation method of this invention. 

[Drawing 17] It is drawing showing the distortion amendment circuit example of a 
temperature-compensation method. 

[Drawing 18] It is drawing showing invention circuit (with distortion amendment 

circuit) example-12D1 applied-voltage pair frequency deviation. 

[Drawing 19] It is drawing showing invention circuit (with distortion amendment 

circuit) example-13D1 variable-capacity pair frequency deviation. 

[Drawing 20] It is drawing showing the simulation result of invention circuit (with 

distortion amendment circuit) example -14 temperature compensation. 

[Drawing 21] It is drawing showing the simulation result of invention circuit 

example -15 temperature compensation. 

[Drawing 22] It is the block diagram of an invention temperature compensation 
method (with a distortion amendment circuit). 

[Drawing 23] It is drawing showing the temperature characteristic simulation by 

difference of the cutting include angle of At-Cut vibrator. 

[Drawing 24] It is the block diagram of a temperature compensation method 

conventionally. 

[Drawing 25] It is resonance frequency equivalence block drawing 1 . 
[Drawing 26] It is resonance frequency equivalence block drawing 2. 



[Drawing 27] It is an F(x y, c) &Sx simulation Fig. 

[Drawing 28] It is an F(x y, c) &Sx simulation enlarged drawing. 

[Drawing 29] It is a D(x y, c) &Sx simulation Fig. 

[Drawing 30] It is a D(x y, c) &Sx simulation Fig. 

[Drawing 31] It is deltaF (x y, c) simulation Fig. 

[Drawing 32] It is a deltaF(x y, c) &F simulation Fig. 

[Description of Notations] 

1 1 Quartz Resonator and 12 Oscillator Circuit and 13 Vibrator Current Control 
Circuit and 14 Variable Capacitance Diode for Vibrator Current Control, and 15 
Temperature-Compensation Electrical-Potential-Difference Generating Circuit 
and 16 The External Adjustable One and 17 Variable Capacitance Diode for 
External Adjustable, and 18 Output Circuit, 19 GND 
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[Drawing 2] It is drawing of the circuit example of the temperature-compensation 



method of this invention. 

[Drawing 3] It is drawing of the example of an operation circuit of the 
temperature-compensation method of this invention (compensation electrical- 
potential-difference generating circuit). 

[Drawing 4] It is drawing showing the example -1 of an operation circuit of this 

invention, and a D1 applied-voltage pair frequency deviation & vibrator current. 

[Drawing 5] It is drawing showing the example -2 of an operation circuit of this 

invention, and a D1 applied-voltage pair frequency deviation & vibrator current. 

[Drawing 6] It is drawing showing the example -3 of an operation circuit of this 

invention, and a D1 applied-voltage pair frequency deviation & vibrator current. 

[Drawing 7] It is drawing showing the example -4 of an operation circuit of this 

invention, and D1 applied-voltage pair vibrator current. 

[Drawing 8] It is drawing showing the example -5 of an operation circuit of this 

invention, and D1 applied-voltage pair frequency deviation. 

[Drawing 9] It is drawing showing the measurement result and approximation 

function of variable-capacitance-diode D1:MA2S304 of this invention. 

[Drawing 10] It is drawing showing the example -6 of an operation circuit of this 

invention, and D1 variable-capacity pair vibrator current. 

[Drawing 1 1] It is drawing showing the example -7 of an operation circuit of this 

invention, and D1 variable-capacity pair frequency deviation. 

[Drawing 12] It is drawing showing the example -8 of an operation circuit of this 

invention, and CO variable-capacity pair frequency deviation. 

[Drawing 13] It is drawing showing the example -9 of an operation circuit of this 

invention, and the temperature-compensation electrical-potential-difference 

generating circuit simulation result -1. 

[Drawing 14] It is drawing showing the example -10 of an operation circuit of this 
invention, and the temperature-compensation electrical-potential-difference 
generating circuit simulation result -2. 

[Drawing 15] It is drawing showing the temperature characteristic of example of 
operation circuit -1 1 vibrator of this invention, temperature-compensation 



frequency deviation, and the simulation result of compensation. 

[Drawing 16] It is the block diagram of an example besides the temperature 

compensation method of this invention. 

[Drawing 17] It is drawing showing the distortion amendment circuit example of a 
temperature-compensation method. 

[Drawing 18] It is drawing showing invention circuit (with distortion amendment 

circuit) example-12D1 applied-voltage pair frequency deviation. 

[Drawing 19] It is drawing showing invention circuit (with distortion amendment 

circuit) example-13D1 variable-capacity pair frequency deviation. 

[Drawing 20] It is drawing showing the simulation result of invention circuit (with 

distortion amendment circuit) example -14 temperature compensation. 

[Drawing 21] It is drawing showing the simulation result of invention circuit 

example -15 temperature compensation. 

[Drawing 22] It is the block diagram of an invention temperature compensation 
method (with a distortion amendment circuit). 

[Drawing 23] It is drawing showing the temperature characteristic simulation by 

difference of the cutting include angle of At-Cut vibrator. 

[Drawing 24] It is the block diagram of a temperature compensation method 

conventionally. 

[Drawing 25] It is resonance frequency equivalence block drawing 1 . 

[Drawing 26] It is resonance frequency equivalence block drawing 2. 

[Drawing 27] It is an F(x y, c) &Sx simulation Fig. 

[Drawing 28] It is an F(x y, c) &Sx simulation enlarged drawing. 

[Drawing 29] It is a D(x y, c) &Sx simulation Fig. 

[Drawing 30] It is a D(x y, c) &Sx simulation Fig. 

[Drawing 31] It is deltaF (x y, c) simulation Fig. 

[Drawing 32] It is a deltaF(x y, c) &F simulation Fig. 
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